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SUMMARY

A critical need exists for fuel resistant materials which
will function at temperatures of -579C (-70OF) for application
in self supporting 3,000 and 10,000 gallon collapsible fuel
storage tanks.

This work is part of a continuing effort to develop materials
which can form the elements of a refuellng and storage system
capable of service under Arctic weather conditions.

The initial phase of this work was to evaluate the PNFS-LT
and PNFO-200 materials as candidates for coated fabric materials
with which collapsible fuel tanks could be fabricated. Consideration
of PNF"-200 was dictated in part by the need for lovi fuel diffusion
rates. Fuel diffusion studies of the hose and tube compounds of
PNF-LT used in the fuel hose contracts showed exces-sive rates of
lie! diffusion for a coated fabric to function as a storage vessel
material. Compounds of low filler content PNF-2OO materials
coate,' on nylon fabric showed promising values of low fuel diffusion
rate and sufficient flexibIlity at low temperature (-700F) to
warrant consideration as a coated fabric candidate. Processing
difficulties preventod their uss as calenderable materials. Higher
filler 'Loaded materials proved to be better processable materials
and showed good diffusiorn rates with test fluids (Type I1, Fuel )
and even better rates with Arctic diesel fuel.

Adhesion to fabric is an area requiring farther study and develop-
ment.

-2-
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1.0 INTRODUCTION

The goal of this program was the development of PNF&
,ihosphonitrilic fluoroelastomer compounds suitable for vulcanizates
and coated fabrics for use in the manufacture of self supported
3 000 and 10,000 gallon collapsible fuel storage tanks. The
military specifications MIL T-52573 and MIL T-4 431 (ref. 1,2)
served as guidelines except that a -57*C (-70.F) capability was
desired. These tanks should satisfy the Army material requirements
for refueling operations in the Arctic.

Tne U.S. Army Mobility Equipment Research and Development
Center has sponsored earlier contract efforts for the develop-
ment of PNFo fuel hoses (ref. 3, 4, 5). The first investigation
(Contract DAAK02-73-C-o461+) showed that fuel hoses could be
fabricated from PNF-200 by a plied calendered sheet process.
The hoses produced were not sufficiently flexible at -70OF
(ref. 3). The second study (Contract DAAG53-75-C-0187) utilized
a modified PNF@, PNF*-LT which had better low temperature
flexibility. This effort resulted in a hose with Suitable
flexibility when constructed of plied calendered sheets. The
third program developed extrudable compounds for producing
collapsible and suction type fuel hoses with hand wrapped covers.
Large lengths of collapsible and suction hose were manufactured
on Contract DAAK70-76-C-0239 and are under field test and evaluation
in thG Arctic.

The U.S. Army Materials and Mechanics Research Center
recognized the need for collapsible fuel storage tanks capable
of service at low temperatures and the potential offered by
phosphonitrilic fluoroelastomers as fuel resistant, extreme
low temperature flexible coated labric materials. The result
ts their support of this contract to develop PNF coated fabric
materials.

PNF coated fabrics were prepared and examined by A. Wilson
of Natick Laboratories for fire resistance comparison to MUST
shelter coated fabric (ref. 6). MUST is an acronym for "Medical
Unit Self Contained, Transportable." Although the curront MUST
shelter fabric uses commercial fire resistaant rubbems polychloro-
prene-top coated with chlorinated polyethylene) the Army experienced
field incidents exposing the shelters to fire. A. Wilson cement
coated PNF phosphonitrilic fluoroelastQmer onto polyester fabric
to prepare MUST-equivalent (14.8 oz/ydV) material. The phosphazene
coated fabrics had a higher resistance to burning than currently
used materials. The excellent low temperature properties of the
PNF coated fabrics were also exhibited. Adhesion properties to
fabric were found to need further development.

-'4-
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Collapsible fuel storage tanks have a long history of
development (ref. ?, 8, 9, 10, 1., 12, 13) and include storage
reservoirs of 5,000 barrel capacity. Early programs on design
and development of such collapsible storage reservoirs have
established design criteria that include water and environmental
resistance of the material in addition to resistance to the
aromatic content of the fuel. Further, the wide range of temperature

L. requiremenl.s for service were expanded to include service, especially
deployment in temperatures down to -70 0 F. Current materials have
limited capability to -250F.

Testing of POL tanks at the U.S. Army Tropic Test Center,
Fort Clayton, Canal Zone, have identified (ref. 7) design and
material problems associated with storage of fuels. Diesel fuel
was more destructive to tank material than storage of JP-I+.
Design/material problems include rapid deterioration of the
exterior coating allowing solar radiation and rain to attack the
fabric and fuel. The seams appear to be a source of fuel leakage.

Fuel acidity increases in pH from 7.2 to 3.8 was suspected
to be the major cause of degradation and was attributable to
ultraviolet radiation and moisture.

Table 1 presents the desired properties of coating compounds
and Table 2 presents the properties required for a collapsible
fuel tank coated fabric. Low temperature flexibility, elongation,
and fuel contamination values are lowered while the retained
tensile properties have been increased over the MIL T. 52573C
specification.

Table 3 gives a summary of the coated fabric properties and
vulcanizate properties for two ranges of filler loading in PNF-200
formulations.

Generally, the fuel diffusion values are seen to be close
to the desired values. Very low (< 0.01) values are observed
in coated fabric which has used a heavy surface treatment. Fuel
diffusion through PNF-200 vulcanizates ate about 0.09 fl oz/sq ft 24 hrs
for high filler levels and about 0.18 f ! oz/sq ft 24 hrs for low
filler level vulcanizates. The high filler vulcanizates sh.ow good
retention of tensile properties on fuel aging at 160°F for i4 days.
The vulcanizates also show good values for existent gum.

S~-5-
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2.0 INVESTIGATION

2.1 PolXmer

PNF-200 is a semi-inorganic fluoroelastomer commercialized
by The Firestone Tire & Rubber Company. This phosphonitri3ic
fluoroelastomer has a service temperature range of -70O1? to
350°F and possesses a unique combination of properties including
solvent resistance and low temperature flexibility, high
temperature stability and excellent mechanical propert!es..

PNF has excellent resistance to hydrocarbon fluids, lubri-
cating oils and fuels. PNF is not suitable for use in oxygenated
solvents such as ketones, ethers Miad alcohols. PINF-200 is
useful fcr continuous service in most environmeats at 3500F.
It can be applied for intermittent service at temperatures in
the range of 400-5000F (ref. 14).

Typical PNF compounds have limiting oxygen indices in the
range of 55-60. This makes PNF a candidate for use in elastomeric
flame resistant coating and coated fabrics. A. Wilson has
examined briefly the smoke and flame properties of PNF coated
fabrics (ref. 6).

PNF-LT is a phosphonlrtrilic fiuoroelastomer containing
pendant fluoroallcoxy groups with a reduced level of fluorine
content in the polymer. This illustrates one of the many
variations possible with the polyphosphazene system. Such a modi-
fication lowers the Tg of the polymer at the excpense of solvent
resistance.

Tabls 4 shows the properties of a nylon fabric which has
been used by Firestone in the preparation of other coated fabric
tank material. This mater'tal meets or exceeds the properties
desired in MIL T-52573C. Table 5 presents thephysical property
data on the various PNF polymers used in this program.

2.2 General Approach

The initial cffort of this program concerned the selection
of the type of PNF polymer: PNI-LT vorsus PNF-200. Initial
compounding and testing was directed to evaluate the fuel
diffusion and low temperature flexibility. Following this
selectiorn additional GFM (government furnished material) was
obtained and the questions of diffusion, processability and
retention of properties on fluid aging received the most attention
in further compounding.

-6-



Small mixes suffLcient to prepare tensile ring specimens
and to permit about 2 each 6" xc 6" coated fabric samples to be
built from a forwulation were used to establish properties.

Large batches were Banbury mixed and calendering of stock
and fabric was then attempted for the most promising mixes.

2.3 Fx.erimezntal Details

2.3.1 instruments

1. Laboratory Rubber Mills:

a. 2" x 6",, L. Albert and Son, Model A-6971+
Capacity: ca. 100 g of PiiF stock.

b. 6" x 12", Farrel-Birmingham Inc. Model 4467.
Capacity: ca. 2 lbs. of PRA, stock.

c. 10" x 12" Farrel-Birmingham, Inc.

d. 12" x 20" Farrel Co.. Div. USM Corp, Inc.
Model A1500. Capacity: ca. 25 lbs. ?NF
compound.

e. 3" x 7" Farrel-Birmingham Co. Model A1821.
Variable speed, individual roll drive.
Capacity: ca. 120 g PNF stock.

2. Calender 4 roll inverted "L" 6" x 13". Variable
speed. 6 apacity: ca. 10" wide sheet with roll
guldes in place.

3. Brabender Mixer, Model PL-V150. C. W. Brabender
(CW1) Instruments, Inc. Capacityi ca. 120 g of
PNF stock.

4. Banbury Mixer, Model "BR" A1548 Farrel Co.
Div. of USM Corp, Inc. Capacity: ca. 2,260 g
of PNF stock,

5. Laboratory Balances
a. Mettler, Model PIN2210, used for weighing

pigments and polymer for small batches.
Capacity: 2,200 g, + .005 g.

b. Toledo, Model 3710, used for weighing of
pigments and polymer for large batches.

-7-



6. lnstrcn, Model no. 1130, The Instron Coi-D.
Us•td for stress-strain measurements. ThI
instlzUment is interfaced with a Hewlett Packard
Computer for computaAions of stress-strain
data •ising micro-tensiie rings. ASTM D3196.

7. Shore A Durometer. Shore Instrument and Mfg. Co.,
Inc.

8. Gehman Torsional Wire Apparatus. Wallace Test.
Equipment, Testing Machines, In-. Amiiyiriile, N.

9. Foyced Air Oven, Blue M Electric Co., for heat
aging polymer and post curing vulcanizates and
coated fabric.

10. C. W. Brabender Electronic Plasti-corder Torque
Rheometer, Model EPL-V751.

2.3.2 Mixinr, Techniaues

In Brabender mixes, the polymer is added to the
mixer and is consolidated at low speed (10 rpin) for about
ona minute. The reinforcing filler is then added whkile mixing
at medium speed ( 40-60 rpm). Non-reinforcing fillers,
MgO and stabilizer which are blended are then added. Complete
addition of fillers occurs within about six m-trutes. The
mixer is then r~un at about 110 rpm until an integrated torque
of 20,000 meter-gm min. is attained or about 15 minutes
total mix time. The mix is then dumped. Curing agent is
then added to the masterbatch banded on a mill. Ambient
temperature mills were generally used.

Better results of mixing were obtained with cooled
mixing chambers.

Banbury ml xing followed much the same procedure above:
Cooling water on maximum flow.

0 minutes-load polymer. speed: slow (77 rpm)
2 minutes-add fillers
7 minutes-add stabilizer masterbatch

15 minutevk-dunip mix

To obtain as low a mix terperature as possible additional
cooling was swuplied to the milcnig chamber walls by dry ice.
Temperatures as low as 150OF (650C) were obtained.

The curative was added on.a two roll mill with cooling
water rurning in the cored rolls in order to maintain

-8



a low temperature.

The several batches of a given formulation wore mill
blended together on the '10" x '0" Farrel mill.

2.3.3 Calenderin•a Technigues

Initial tost samples were prepared from small ,Brabender
compounds by sheeting material on a vari-drive 3" x 7"
mill whare roll speed could be matched as on a calender.
Sheets 0.020'1 thick and le•s wer.e prepared and coated
fabrics formed in 6" x 6" cavity molds suitably shimmed
to appropriate thicknesses. These samples served as initial
fuel diffusion end low temperature flexibility specimens.

A number of the compounds were difficult to handle
by this procidure as the compounds did nct have suitable
green strength or tended to retract after release from the
roll of the mill.

Late in the program a technique was developed which
overcame this difficulty. This involved applying a sheet
of .005" thick polyester film to the fast roll of the mill
by means of double coated adhesive tape. The stock could
then be worked on to the polyester and removed readily from
the mill roll along with the polyester carrier sheet.
Trimnming the stock and polyester carrier to mold size provided
Oonvanient preparation of even difficultly processable
materials.

Calendering on the 6" x 1311 our-roll Inverted 11L#'
calender was accomplished to form 60 muil thick x 6" wide
sheets which were roll-wrap cured between polyester film
or metal shim stock for improved sheet finish and release.
The most promising procossable, yet impermeable to test
fluid stocks wore ealenuered to sheets .025" thick x 10-1/4"
wide in l9ngths to 25 feet. Initial attempts to calender the
P•NF .stock into the 2 x 2 basket weave nylon fabric met
with difff.culty primarily due to the preferential adhesion
o. the stock to the calender rolls instead of the surface
agent treated fabric.

This difficulty was surmounted by the use of carrier
film material. The fabric was calendered into one sheet
of .025" thick PNF stook and then the second surface of the
fabric was calendered with stock on a second pass.

In each case carrier film material was interposed
between the PNF stock and calender roll surface.



2.3.4 Physica1 Test Methods

Test specimens were prepared from sheeted samples by
press curing 50 mil thick x 3" x 3" specimens. Coated
fabric specimens were prepared in a 6" x 6" cavity mold.
Calendered stock and coated fabric were wrap cured.

1. Stress-strain - ASTM D3196. Specimens were cut
from 50 mul thick x 3" x 3" vulcanizate sheets.

2. Shore "A" hardness - ASTM D224O. Tests were made
on plied vulcanizate.

3. Gehman low temperature measurements - ASTM D1053.
Specimens 1.5" x 0.125" of vulcanizate were cut
from sheets. An IBM 1130 computer was programmed
for computation and print-out of "ehman data and
graphs. Specimens 1.5" x 0.250" of coated fabric
were cut from samples and similarly tested by
ASTM D3388.

4. Fuel diffusion tests. Tests were conducted in
accordance with para. 4.6.2.2.2 of specification
MIL T-52573C with coated fabric samples and
vulcanizates of promisir4 PNF stocks.

5. Weather-O-Meter Atlas 18-WR used for accelerated
aging of specimens with Cam No. 47, 18 hours of
light and water in a 102 min. light and 18 min.
water spray cycle followed by a dark period of
6 hours. Samples were aged for 500 hours total
light. Black panel temperature 63 + 5PC (50 +
5, relative humidity) is obtained when illuminiated.

6. 3xistent gum test performed In accordance with
ara.. and 2 of MIL T-52573C and ASTMD381.

2.3.5 ComDoundirn

The initial phase of this program involved the evaluation
of PNF-LT and PNF-200 materials as candidates for coated
fabric materials with which collapsible fuel tanks could be
fabricated. Fuel diffusion studies of the hose and tube
compounds of PNF-LT used in the fuel hose contracts (ref.
3 "1,5) showed excessive rates of fuel diffusion for a coated
fabric to funct~ion as a storage vessel material. After
consideration of tbq diffasion rates of TTS-735, Type II
fuel through coated fabric samples prepared with PNF-LT,
PNIF-2O0 and blends thereof (see Tables 13, 114, 15), it was
determined to confine the

-10-



remainder of the program to development of coated fabric
material with PNF-200 based on its better diffusion character-
istics. The low temperature flexibility of low filled PNF-200
compounds may be acceptable in the format of a coated fabric.
Studies of low temperature torsional stiffness ratio provided
evidence for this selection.

Table 6 presents the results of compounding each of
the PNF-200 polymers with a typical low filler content
vulcanizate and also a high filler content formulation. Low
filler content materials generally show higher stress-strain
properties while the high filled materials exhibit better
processability.

Various filler materials were examined at low filler
loadings ( 15 phr). These include surface treated silica
fillers, (Tullanox 500), surface treated anhydrous aluminum
silicate, Burgess KE and latey fillers such as talc (Mistron
Vapor). The compounds ettempted are presented in the Tables 6
through Table 12. Table 3 summarizes the leading formulations
of PNF-200. The fuel diffusion rates for similar compowids
were determined and are summarized in Tables 13 through 15.
The PNF-LT stocks show fuel diffusion rates which are markedly
higher than similar compounds based on PNF-200. Blending in
various amounts of PNF-0OO did not improve the diffusion rate
values significantly. PNF-LT was not considered further in
the compounding program. The fuel diffusion rates of the
early PNF-200 compounded materials are 0.07 I'luid oz/sq ft/

21 hours.. This is close to the desired value but requires
improvement. Fuel diffusion rates of coated fabric as low
as <0.01 were obtained, (see Table 29).

Table 16 and 17 presents the results of G.C. analysis
of the residual fuel in the test cups after a coated fabric
diffusion rate determination. The PNF-200 stocks showed
the lowest loss of material to be the iso-octane. The PNF-LT
stocks had high losses of iso-octane from the fuel mixture.

The trend of weight loss of benzene> toluene> xylenes)>
iso-octane was seen for PNF-200 stocks. For PNF-LT the
trend was the same but the magnitude of iso-octane loss was
larger. Blending of PNF-200 into PNF-LT stocks reduced the
Iso-octane losses while the aromatic constituent losses were
still nearly double or more than PNF-200 alone.

P. Touchet of MERDC evaluated several coated fabric (ref.:
samples as seen in Table 18. One can see that on the combined
balance of fuel diffusion rate, tensile strength elongation
and torsional stiffness ratio, formulation R211922 was ahead.
Unfortunately, it is very difficult tc process since it is
quite nervy and sticky. R211924 seemed to offer some process-
ability advantages and was examined further.

-11-
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Table 19 through 24 present formulations which
attempted to address the processability problems from
various aspects. First this was studied by increased clay
or filler loading and then by low moleculLr weight silicone
process aid, HA-2 addition. Also, a fluorosilicone
process aid, FSE212U, addition was used. Some slight
improvements in release from mill rolls was seen for the
low levels of process aid addition.

An alternate approach was considered, namely thermal
aging of the polymers. This appeared to offer some improve-
ment in the processability of PNF-LT in the hose building
programs previously mentioned. First attempts with this
approach are presented in Tables 21 and 22 where a silicone
process aid is included in the formulation. Since the
diffusion results with these formulations were so poor (i.e.,
diffusion rates > 0.2 fl. oz./sq. ft. - 24 hours), a second
series of compounds without the use of the silicone process
aid was initiated as shown in Table 23 and 24.

The stress-strain properties, tensile strength,
appeared to improve slightly over the previous "process
aid" series. The high filler approach seemed to offer the
processability advantage, such as R21192 4 in Table 11.

Several large mixes were prepared in a Banbury "BR"
size mixer with the high filler level loading of formulations
similar to R211921+ whicb. showed earlier good diffusion rate
results. These mixes are presented hin Table 25 along with
some coagent additions to small samples of each batch. The
coagent did increase the modulus, elongation was reduced
and diffusion rate for vulcanizates was lower.

Samples of the large batches were prepared (see Tabl3
26) and submitted to Weather-O-Meter aging using the No. 47
cam which gave a period of 18 hours of 102 min. light and
18 min. water spray cycles followed by a period of 6 hours
of dark. The retention of tensile properties is quite good
with only at 15-20% reduction over 500 hours of total light
exposure. The R11988 vulcanizate containing a thermal
stabilizer and hence a tan-yellow tint was bleached out
after the exposure to light. The R211992 vulcanizate (not
containing the stabilizer but additional silane) was light
color to start and also lightened under light exposure.

Table 22 shows the stress-strain properties after
aging R211988 in test fuel "'I" at 1609F. After 14 days
the tensile strength and elongation are within specification.
After this first initial drop in tensile values, the change
to 42 days is very small. After 42 days the tensile strength
is within the range set by the specification.

-12-
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Since the role of metal impurities in contact with
Jet fuels has an important influence on the oxidative stability
of fuels such as JP-4, an analysis was conducted on several
polymer samples. Copper has an especially deleterious
effect on the storage stability of JP-4. This is reported
to occur at low soluble copper content (<0.3 ppm) in fuel
and also in contact with copper (ref. 15).

Atomic absorption metal analysis showed the following
values for PNF polymer gum prior to any compounding.

Atomic Absorption Metal Analysis
Parts Per Million (ppm)
Cu Fe -a i Cr

PNF Polymer
K18356 (PNF-LT) 0.01 2 none 0.1
K19736 PNF-200 0.09 0.8 none 0.07'19861 0.08 2 none 0.08
K19862 0.09 2 none 0.09

One can see the levels to be low for copper.

The filterability of a fuel is affected by the presence
of particulate matter in the fuel whether it is dirt, solidif!Ad
fuel or ice, procuced by low temperatures, or insoluble gum
caused by aging of the fuel. The presence of .insoluble gum
aggravates the effect of ice on filter plugging, probably
due to the fact that it provides nucleation sites for the
growth of ice crystals. While filtration should remove
existent gum, the event of by-passing the filters under
emergency military situations exists. Therefore, the lowest
existent gum values are desired.

A check of fuel contamination of the PNF-200 R211988
and R211992 compounds was conducted. Table 28 compares the
values of unwashed existent gum, heptane-washed gum and
stored gum residue for these compounds with the values required
in MIL T-52573 and th&t of this contract.

One can see that very little gum is generated in the
test fuel by the PNF compounds. The values determined in the
tests show PNF materials are well below tle required values.

Table 29 presents fuel diffusion rate data for a
number of coated fabrics and vulcanizates. For purposes of
comparison the fuel diffusion rates of current MIL T-52573C
coated fabric was measured with both "Fuel 6" and Type II
fuel. One type of material appeared to pass the requirements
with 0.037 and 0.05 fl oz/sq ft - 21 hours. The PNF-200
compounds appeared to have diffusion rates which were close
tc that desired, but depended upon fabric surface treatment.

-13-

"WORT



The lowest diffusion levels were seen with purified PNF-200
polymer and a thick surface treatment to the nylon. This
was too rigid to meet flexibility requirements. A lighter
coat'.ng of fabric treatment looked promising (TX13 and TX1I4).

The nature of fabric surface treatment was explored
further as shown in Table 30 where various treatments were
applied to the fabric. The Thixon material showed the best
results. Table 33. shows the effects of these treatments
upon the breaking strengthn of the coated fabrics and the
retention of this property with aging in water aid test fuel
k. The best breaking 3trengths were seen with a Fluorel

150 treatment. However, these showed the greatest loss in
water aging. Thixon 300/301 treated fabric had the best
overall aging property.

Table 32 presen's several mixes with different filling
factors in a measuring head mixer. Some exceptionally good
tensile strength and elongation values are seen for several
mixes where the temperature of the mix was maintained at a
low values 970C or less.

This procedure was used in later Danbury mixes but
the tensile strengths were not as high as those realized
here.

The adhesive peel strength was examined for coated
fabrics which had various surface treatments. Efforts
were directed to attempt to attain the adhesive peel strength
of about 20 ppi.

The values shown in Tables 33, 34, 35 show Thixon
A/B to be the best-performing surface treatment. However,
the value of about 9 ppi is attained with a heavy coating
on the fabric. The breaking strengths are showni in Table 35
and rola, of temperature of cure Indicates that 1706C is
better for pronotion of breaking strength.

Examina±ion of fracture surfaces of tensile specimens
indicated large a6-lomerates of stabilizer crystals were
present. Ia an attemt to reduce this particle size of the
stabilizer it v ball milled with Lhrgess KE clay for 24
hours and prepared as a misterbatch for the Zanbury Mixý!s
to follow. Sse Table 26 for the masterbatch PformulAtion.
Later examinatcon of fracture surfaces of Bantury miyes
showvA a reduced size tbut still identifiable particles of
stabilizer. This is an area requ.ring further study in the
future.

-1K-



-Since large quantities of compound were needed for
calendering, a number of Banbury mixes were mwde with
formulations representing the best combination of properties:
processing, d iffusion rate and stress-strain. The mixes
and their properties are shown in Table 37. Table 30
presents diffusion rates.

Formulations 219601 and 602 were identical except
for the PNF-200 polymer batch. This entire mix was blendel
and labeled as 219601 so tnat samples could be prepared of
coated fabric for shipment. The wix temperature of this
series was kept low to achieve higher viscosity and greater
shear mixing.

Formuletion 219607 represented the best physical
property formilation with low diffusion but was difficult
to process as a calenderable material. It was used to
prepare coment coatings on fabrics before building cowied
fabrics.

Earlier work with small batches of purified polymer
showed some improvement in diffusion rate when compared to
normal polymer. Table 38 presents this data. The polymer
was purified by making a 14% PNF-200, K19861, solution in
methanol, filtering, followed by coagulation in water. Based
on these findings, a 9 Lb. quantity of polymer was committed
to a purification procedure and included in the Banbury mixes.

Formulation 219608 and 219609 were mixed and compared
to evaluate the role of an additional purification step on
the PIT-200 polymer. Polymer 1508-1+9 was obtained by
dissolving polymer K19861 in methanol, 1 lb/gal followed
by dilution with one gallon of methanol. Centrifugation
removed some particulate matter. The cement was coagulated
in deionized water, collected and vacuum dried. Only small
differences were seen between the two formulations in original
properties and even after aging in Fuel £ for 14 days at 160°F
as seen in Table 39. The diffusion rates for R219608 and
R219609 are nearly idevtic•al for both vulcanizates and
coated fabric.

Table 41 lists the breaking strengths of coated fabrics
prepared from the above Banbury mixed stocks with different
fabric sarface treatmernts, Thixon 300/301 and Fluorel 5150.
The breaking strengths were obtained on water aged fabrics
after 7 days at 1600F. Here the stock 219609 with lrified
polymer shows improved properties compared to 219608. The
Pluorel 5150 treated fabrics showed slightly better properties
than the Thixon except for the purified polymer stock 219609.

-15-
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A roll wrap cure procedure was examined to determine
if similar physical pro perties could be obtained to press
cured materials. Table 2 shows the results of a calendered
length of material wrapped around an aluminum tube inter-
leaved with steel skim for heat transfer and surface finish
purposes. Samples were taken every six inches alorg the
length and tested. Comparison is xiade to press cured material.
One can see only a very smal). difference in properties.

"ri."s establishes a production-type of procedure which
was used to prepare calendered and cured stock and also
coated fabric material. Lengths of seam were also prepared
in this manner.

A number of adhesion pads were prepared to establish
initial seam adhesion peel str6ngths. Calendered fabric
(uncured) was plied and press cured with a 1" strip of Holland
cloth at one end to permit ready gripping in a tensile test
machine. Initial strengths of about 9.0 ppi were obtained;
however, there was ready migration of the tear to the fabric
and a fabric-to-rubber strength of about 6.0 ppi was observed.
When additional adhesion promoters were used cn fabric and
seam, slightly higher values of peel strength were seen as
presented in Table 1+3.

This area of fabric adhesion and seam strength adhesion

needs further study and improvement.

2.4 Material Shipments

On February 1, 1978 the contractor acknowledged receipt of:

10 lbs. of PNF-LT K18356
10 lbs. cf PNF-200 K19736

as a partial shipment from Contract DAACG6-78-M-1204.

After a decision was reached in a May 24, 1978 meeting with
the Contracting Officer's representative, Dr. Robert E. Singler,
the shipment -5f 80 lbs. of PNF-200 was made June 15, 1978 and
receipt of

8 lbs. of K19736 )
62 lbs. of K19861 ) PNF-200
10 lbs. of K19862 )

was acknowledged.

Also 40 lbs. of Government Furnished Material as PNF-200
compoundeA gum elastomer stock (approximately 50% PNF-200) was
received by this contractor as 18 lbs. of R211 988 and 22 lbs. of
R211992 compounded elastomer stock on October 31, 1978 as per
purchase order DAAGQ6-78-M-1256.

-16-: k



Under this contract shipment of materials to AW4RC included:

20 lbs. K19861 PNF-200 Polymer - 10 October 1978.

Item 0001AB

1. 18 square feet of PNF-200 coated fabric.
R219601 9-3/41" x 73" x 55 mil 4.9 sq. ft.
IR219601 9-3/4, x 72" x 55 mil 5
B211992 10" x 39" x 50 mil 2,7
R211992 10" x 4.3-1/2" x 56 mi. 3.0
R211992 9-1/2" x 59" x 56 mril

19.6 sq. ft.

2. 4 square feet of PNF-200 cured compound.
Press cured.
8 each 6" x 6" x .075" R211992
8 each 6" x 6" x .075" R219601 4 sq. ft.

Wrap cured material.
1 each 6" x 488" x .065" R219608 3.25 sq. ft.
1 each 6" x 30" x .065" R219601 sq. ft.

3. PNF-200 seam adhesion samples 6 ft. length
10" wide seam x 51" long wrap cured, R219601
5 each 8" x 10"f press cured adhesion pads, R211988
I each '1" x 10" R211988
1 each 4" x 10" R219601 9--ft. of seam material

Also shipped were 12 each 6" x 6" x .078" ASTM sheets
of R211988, R211992, R219601 and R219607.

-17-

* *---.-***.



3.0 Conclusions

1. PNF-200 has better fuel diffusion properties than PNF-LT.

2. Diffusion test results indicated that a diffusion barrier
layer was not needed.

3. The low temperature flexibility of the low filler content
PNF-200 compounds appears adequate to meet servico requirements
at -70 0 F.

4. Additional development is required to improve adhesion-
to-fabric substrate.

5. Processability was not improved by attempted thermal
degradation of the PNF-200 polymer at 3000F. The PNF-200 polymer
DSV or MLi-212 did not change very much even after 12 hours aging.
(See Table 21)

6. Silicone and fluorosilicone process aids proved unsatis-
factory because fuel diffusion rates were adversely affected.

7. The breaking strengths of the coated fabric were less than
the original material. Several factors could contribute to this:
a) the fabric may be mechanically damaged in the fabrication
process, bs cnemically damaged by the fabric surface treatment,
and ) the PNF-200 compound may contain small amounts of residual
fluoroalcohol (a known solvent for nylon) and contribute to early
failure due to stress corrosion cracking.

8. The low temperature flexibility of PNF compounds is quite
good. However, the representation of TSR (torsional stiffness
ratio) does not adequately reflect the low modulus of rigidity
of the PNF vulcanizates and coated fabrics. Values of modulus
should also be examined at the low temperatures and not merely
the ratio to the room temperature modulus.

-17A-



4+.0 Recommendations

1. Improve fabric-coating adhesion.

2. Consider selection of alternate fabric materials with
reduced weight and incrGased strength.

3. Study development of stronger seam bonds.L

s. Consider further processability fmprovement studies to
promote fabric calendering at rapid speeds.

i -18-
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Glossar_

Item Description Source

Burgess KE Surface treated anhydrous Burgess Pigment Co.
aluminum silicate.

Chemlok 607 Adhesion promoter Hughson Chemicals,
Lord Corporation

Chemlok AP134 Adhesion promoters for %Highson Chemicals,
fluorocarbon rubber Lord Corporation

Chemlok AP133 containing silicone, tuluene,
butyl cellosolve and n-buitanol.

Elastomag 170 High activity magnesium Akron Chemical
oxide.

FEF Fast extruding furnace black.
ASM classification N550.

Fluorel 5150 A bonding agent for rubber-to- 3M, Commercial
metal and rubber-to-rubber for Chemicals Div.
fluoroelastomers.

FSE262U Fluorosilicone rubber General Electric
compound (processing aid).

HA-2 Silicone rubber compound Dow Corning
(processing aid)

Mistron Vapor Ultrafina magnesium Cyprus Ind. Minerals
silicate pigment. Co.

Min-U-Sil 5 micron ground quartz Penn G]Ms Sand Corp.

PNFO-200 A phosphonitrilic fluoro- Firestom
elastomer containing pendant
fluoroalkoxy groups.

PNFO-LT A phosphonitrtlic fluoro- Fir6stone
elastomer -with a reduced
level of fluorina in the
polymer.

phr per hunderd parts by weight iubber.

Silane A151 Vinyltriethoxysilane Union Carbide

Silaae A174 gamma-methic'ryloxypropyl- Union Carbide
trimethoxysilane

-21-
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Glossrr (cont'd)

Item Description Source

Silane A1QO0 gamma-aminopropyltriethoiy- Union Carbidv-
silane

Stabilizer Zinc II bis(8-oxyquinolate) Southland

TAIC Trial1 rllsocyanurate Allied Chemical

Test Fuel:
Type II, TTS-735 60V iso-octane

5V benzene
20V toluene
15V xylenes

Test Fuel:
Typej; 6UV iso-octane

25V toluene
15V uylenes

Thixon 300/301 A one coat adhesive for bonding Whittaker, Dayton
fluorocarbon elastomers to Coatings & Chemicals
metal. 'reviously designated Division
as Thixon A/B 273.

Tullanox 500 Hydrphobic fined silica Tulco

7ulcup 'OKE 40% ot, cC '-bia(t-butylperoaq) Hercules
dii sopropylbenz ene

Water ground -325 mesh water ground mica. C. P. Hall
Mica

Z-6020 Aminualkyl functional silane Dow Corning

Zeolex 23-A1100 Surface treated silica J. M. Huber

Zonyl ?GN A fluovcosurfactaait, non- DuPont
ionic.

-22-
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TABLE I. SIRED pROP IES OF CA_ IG C OMOUDS

Initial
Tensile strength psi (min,) 1,500
Ultimate elongation, % (min.) 200

Properties after immersion in
test fluid TT-3-735, Type II
at 160OF for 14 days

Volume change % (max.) 40

% Retention of initial tensile strength
(min.) 60 % (or 900 psi)

Properties after immersion
in distilled water at 1600F 114 days I42 days

Volume change % record record
% retention of initial tonsile

strength. 60%(min.) YC%(miLn.)(900 psi) (750 psi)

Properties after accelerated

lieathiring for 500 hours at
10% elongation (exterior compound). 75(min.)(l125 psi)

Stiffness at -70OF (after 4 days
at -700F) Maxim=s of 5 times

stiffness at + 73°F.

Value (after 4 days at -70"F) record

Fuel contamination
Unwashed existent gum

mg/100 ml, max. 20
Heptane washed existent gum,

mg/l0O ml, max.

I
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TABLE 2. DESIRED PROPERTIES OF COATED FABRIC

Weight, ounces/sq. yd. 30-50

Thickness, mils record

Type II Fu-el diffusion rate
fluid ounces per square foot per
214 hours, max. 0.050

Tearing strength, lbs.
Warp, min. 35
Fill, min. 35

Breaking st•-ength, lbs./in.
Warp, min. 400
Fill, min. 400

Puncture resistance, lbs. rain. 110

Properties aster 500 hours
acce3e.-ated weathering at 5%
elongation initial tensile
strength, ý retained

Warp, mrin. 8
Fill, min. 80

Low temperature (-70F, 14 days)
Crease resistance

4ppearance after unfolding No cracking, peeling
or delamination.

Fuel diffusion rate, fluid
ounces per square foot per
21, hourii, max. 0ý050

Blocking test Test specimen separates
with 5 seconds.

Coating adhesion initial lbs/in.(min.) 20

Coating adhesion after immersion in
distilled water at 1609F (lbs./in.) 14 days 42 days

10 (min.) 5 (win.)
Ccating adhesion after immersion
in Type II fluid at 160OF (lbs./in.) i4 days 42 days

10 (ift.)(
-24-
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TABLE 4. NYLON FABRIC PROPERTIES

Nylon 66

8.25 oz/sq. yd.
2x2 basket weave

Phnysical Properties:

Breaking Strength Warp 480 Lbs/in
Fill 480 Lbs/in,

Tear Strength Warp 120 Lbs.
Fill 100 Lbs.

Finish: scoured and beat set

Yarn Description:

Warp 705 or equal 840/1 Denier/yly Producers Twist

Fill 705 or equal 840/1 Denier/ply Producers Twist

Yarn Construiction:

Count Warp 35-37 ends/inch
Fill 33-35 ends/inch

Weight 8.0 - 8.5 oz./Sq. yd.
Gauge 0.0165 - o.0195 inches

, 
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TABLE 7. PNF-200 FORMULATIONS

R-Number 211 -901 -304 -906 -911 -920(904) -922(901)
PN'.P-200:
K19736 100 100 100 100 100 100

Tullanox 500 15 - - 7 15
Burgess KE - 15 - 15
Nulok 321SSP- - 15 - --

K7F - 8--

Zeolex23 5 5 5 5
Elastomag 170 6 6 6 6 6 6
Stabilizer 2 2 2 2 2 2.
Silane A151 2 2 2 22
Silane A174 .... 2.5 2.5

Vulcup 4OKl 0.4 0.4 0.4 0.4 0.4 0.4

Cure 30 Min. @ 340°F

Tensile Str. 681 1036 968 1322 1189 1616
50% Modulus - - 94 108 ill ill
100% Modulus 341 311 43 374 473 5
200% Modulus - - 91 1203 - 1478
Elongation, % 160 176 ]296 210 135 217
Shore A 50 40 45 50 0 60
Specific Gray. 1.8 1.8 1 9 1.9 2.0 1.8
G, psi @ 23C 34.3 37.8 42.4 64
T 2 °C -45.9 -32.8 -39.5 -34.3
T5, OC -52.9 -42.1 -46 -40.8

T1 0, C -58.5 -47.0 -48 -47.6
TIOO, °C -67.1 -60.1 -55 -55

Diffusion Rate 0.18
fl.oz./sq.ft. - 24 hrs.

72 hour R.T. Type II Fuel Immersion:
W % Gain 9.7 9.7 8.0 1.4 0 1.4
V % Gain 29.1 38.5 5.6 8.3 9.5 6.8
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T. PNF-LT FORMULATtONS

Rl-Number :'11 -902 -903 -905 -909 -918 -921 -923

PNF-TT:--- ---
K173l56 100 100 100 100 100 100 100

Tullanox 500 - 15 -7--
Burgess KE 15 - - -1 15
Nulox J212: - -S 15 1"
F FS - 8

Zeo19X 23 5 5 5;Elastonag170 6 6 6 6 6 6 6
Stabilizer 2 2 2 2 2 2 2
Silane A1-L 2 2 2 2 - -.

Vulcup 1+OKE 0.4 0.14 O.'+ 0.) O.• 0. 1.,

Cure 30 min @ 34OOF

Tensile Strength 1488 679 802 1002 867 662 709
50% Modulus - 102 230 90 80
100% Mlodulus 337 331 342 34+ 601 367 336
200% Modulus 1282 - 974 - - -
Elongation, % 213 155 163 201+ 131+ 11+0 17
Shore A 4+5 45 45 50 60 5O 40
Specific Gravity 1.8 1.9 2.0 1. 9 1.7 1.8 1. 8
G, psi @ 23°C 85.6 33.9 38.8 65.8
T2, "C -28.6 -4+5.3 -42.4+ -44.9

O -4+2 7 -57.0 -56.5 :53.9
TIOo *C -48.2 -60.2 -60.9 65.2
T1OO, °C -59.1+ -67.0 -69.8 -65.2
Diffusion Rate 0.38 0.74. 0.6

fl.oz./sq.ft. - 24 hrs.
72 hrs. R.T. Type II Fuel Immersion:

W % Gain 7.5 13.2 0 12.2 13.2 9.9 8.8
V % Gain 12.9 33.8 17.4 32.8 33.8 32.9 29.1
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TABLE 9. PNF-200 FOPRMULATIONS WITH INCREASING
NON-RE•INFORCINQ FILLER LOADING

R-Number 211 29i -91-9

PNF-200 X19736 100 100 100

Nulok 321SP 20 20 20
Min-U-Sil' 10 20 30

Zeolex 23-A1100 10 10 10
Ela.stomag 170 6 6 6
Stabilizer 2 2 2
Silane A174 2 2 2

Vulcup 4OKE 0.4 0.4 0.1

Cure 30 min. at 3400F

Tensile Strength, psi 1250 1458 1382
50% Modulus, psi 167 1 221

-i00o% Modulus, psi 734i. 970

Elongation$ % 138 167 1ji
Shore A 55 60 0

Specific Gravity 2.0 2.0 2.0

Diffusion Rate 0.13 0.11
fl.oz./sq .ft. - 24 hrs.

72 hours R.T. Type II Fuel Immersion:

W % gain 1.3 1.3 0
V %gain 2.8 6: 5.1
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TABLE 10. PNF-LT/ PNV-200 BLENDS'

IR-Number 211 - 9 -917

PNF-200 K19756 66.6 66.6 66.6
Ph'F-LT K18556 33.4 33.4 33.4

Nulok 321SP 15 - -
Burgess KE - 15 -
Tullanox 500 - - 3.5

Zeoa-ex 23 10 10 10
Elastomag 6 6 6
SStabilizer 2 2 2
Silane A174 2 2 2

Vulcup 4OKE 0.4 0.4 0.1

Cure 30 min. @ 3O°OF

Tensile Strength 879 882 12741•5'0% Modulus 148 122 2K77•

100% Modulus 510 4.89 6 7

Elongation valuos 149 152 163

Shore A 55 55 65

Specific Gravity 1.9 1.9 1.9

Diffusion Rate 0.27 0.23 0.23
f 1. oz/sq. ft.- 21+ hr.

72 hours R.T. Type II Fuel Immersion:

W % gain 1.3 0.7 1.4
V % gain 11.6 15.5 10.7
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TABLE Ii. PNF-200 FOII,;,JT•,A.TONS WITH HIGHi FILLER LOADTIGS

R-411unber 21.1 :-29.214 -925 -227 --9-28 --929

PIVF-200
K19736 100 100 100 100 100 100

Burgess KE 60 45 30 - - -

Mistron Vapor - - - 60 45 30
Zeolex 23-AIIOO 10 10 10 10 10 10
Stabilizer 2 2 2 2 2 2
Elastomag 170 8 8 8 8 8 8

Vulcup 4oKE 0.5 0.5 0.5 0.5 0.5 0.5

Cure 30 rain. @ 340°F

Tensile Streng th 1464 1163 1179 12214 11410 1140550, M~odulus 1467 125 650 568 400
1001% Moduleis 1362 663 654 1219 1267 1013
200/, Modu-, as' - - - -
Elongation, % 110 150 168 102 118 153
Shore A .. 65 60 55 70 65 65
Specific Gravity 1.9 1.8 1.9 1.9 1.9 1.7

Diffusion rate 0.09 0.18 0.19 0.14 0.16 0.21,

fl. oz/sq. ft.- 24 hours.

72 hours R.T. Type II Fuel Immersion:

W % gain 17.8 18.2 13.5 13.5. 13.0 20.7
V % gain 14.4 7.06 27.6 6.9 12.9 114. ,5
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T.ABLE' 12. HIGH OLAY AND TALC TOADING OF PNF-LT AND) PNF,200

R-Number 211- =U6 92±0 = -9d9_

PNF-200 K19736 100 100 100 - -

PNF-LT K18356 - 100 - - 100 100

Burgess KE 70 70 60 80 60 80
Mistron Vapor 15 15 10 10 10 10

Zeolex 23--Al.0 10 10 10 10 10 10 .1
Stabilizer 2 2 2 2 2 2
Elastomag 170 8 8 8 8 8 8

Vulcup 4+0KE 0.5 0.5' 0.5 0.5 0.5 0.5

Cure 30 MHin. 31+0°F

Tensile strength 1213 867 ])w07 1251. 8"8 810
50% Modulus 712 873 66+ 7q6 639 710 4!
100% Modulus 1203 - 1323 - -
Elongation 102 55 107 86 70 65
Shore A 75 70 75 -

Specific Gravity 1.9 1.8 1.8 1.9 1.7 18

Diffusion Rate 0.0790.10 .08+10'.10,0.075,0,09
fl. oz/sq.f.2.-hrs
Fabric Wt. 83,, 54 78, 55 78, 56

72 hours R.T. Type II Fuel Immersion:

Wt. %d gain 11.5 17.3 1]3.0 13.5 21.7 25
Vol. % gain 7.8 20.5 10.3 5.7 14.7 21.4
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TA.6.,6 13. FUEL DIFFUSION RMTE OF COATED FABRICS - PiF-LT AUDPNF--L•TJ200 BLENDS -___ r
Test 'Fuel: TT-S-73,5 Type II
(60V Iso-octane, 5V Benzenn 20V Toluene, 15V Xylenes)

Fuel Coated TensileDiA.ffL'a s ion Fab r .c. Str'e',l-1,,th Yilong-atilon

Sc .:Cfi c a t ion 0,-05 fl, I-v0-48 oý./ 10.3 0,1;00) 200/cl

cz/aq. f2. sq/yd.
-214 hrs..

A,..1-,909 0.38 39.0 6. 91 ('1002) 204
R211 918 0.74' 5.98 867/) 131+
P211r,923 0.1+6 844 9 709) 147

L 4F_.L0T/PT1F-1 200
R211,910 0.21 37.5 7 .9 (n146) 211
R21.L,919 0.30 1.? 6.77 (972) 168

I"L F-iJT/2 P NF.- 200
H211,915 0.27 34.9 6.06 ( 879) 14+9
R211,916 0.23 40.5 6.08 ( 882) 152
R231,917 0.23 39.2 8.78 (1274+) 168 r

* Diffusion sample had a flaw on interior surface.
Diffusion rate may not be representative.
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TABLE 34. FUEL DIPFUSION RATE, OF COATED Fi¶HW[CI•; OF PNF-200 '

Test Fuel: TTS-735 Type II
(60V Iso-octane, 5V Benzene, 20V Toluene, 15-V Xylene)

vulcanizate
Fuel Coated Tensile
Diffusion Fabric Strength Elon ation
Rate . Weiht MPa (-ns) nAt

Specification: 0.05 fl. 40-i4-8 oz./ 10.3 (1500) 200%
oz/sq.ft. sq..yd.- hrs.

PNF-200
R211,911 0.18 40.7 9.11 (1322) 210R211,913 0.13 4•5. 1 9. 25 (1[342) 142

R211,9]3+ 0.11 38.9 9.65 (1399) 122

R211,920 O.145 42.3 8.20 (1189) 135
R2!1,922-• 0.073 37.3 11.1 (1616) 217

R2,11924- A. 0.09 6:5 10.1 (1M6.4.) 110
B. O.O8 6 8

R211,924R A. 0.096 61 i0. 1 (146k) 110
B. 0.10 54

R211,925 0.18 48 8.02 (1163) 150
R211,926 0.19 45 8.13 (1179) 168

R211,924 0.02 (Arctic Diesel Fuel)
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TABLE 15. FUEL DIFFUSION RATE OF COATED FABRICS

Test Fuel: TTS-735 Type II
(60V Iso-octane, WV Benzene, 20V Toluene, 15V Xylene)

Vulcanizate
Fuel Coated Tensile
Diffusion Fabric Strength Elongation
Rate Weight MPa (•si) .......

Specification: 0.05 fl. 1+0-48 oz@/ 10.3 (1500) 200%
oz/sq.ft. sq.yd.
- 24 hrs.

R211192 0.14 48 8.144 (1224) 98R211,929 0.16 42 8.26 (1198) 101
R211,929 0.24 34 9.46 (1373) 14•

R211B936 A. 0.07 8R 8.36 (1213) 102B . 0.iO05

R211,938 A. 0.08k 78 9.70 (1407) 107
B. 0.10

R211,939 A. 0.075 78 8.19 (1189) 86
B. 0.09 56

R211,99 0.17 42 6.02 (874) 183
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TABLE -16. DIFFUSION TES FUEL SAMPLEANALYSIS B1

COMPONENT WEIGHT PER CENT LOSSES OVER TEST DURATION

Test Fuel: TT-S-735 Type II

Diffus- Coated Test
ion Rate Fabric Dura-
fl. oz./ oz./sq. tion Iso- Ben- Tol-

PNF-LT .--.- y) Days Octane zene u a Xlene
24 'hr s

R211,909 0.38 39 23 7.6 1+1 26.9 17.7

R211,918* '0.74 7+5.9 38 50.2 95 90.4 78.1

R211,923 0.46 44.1 28 10.2 66.3 46.5 31.. 1

PNF-LT/PNF-200 BLEND

R211,910 0.21 37.6 39 2.4 49 31.4 21.9

FN-T2/ PTF-200 BLEND

R211,916 0.23 40.5 39 1.8 55 36.4 23.8

R211$917 0.23 39.2 23 8.4 35.5 18.4 12.0

* Sample had a flaw on interior surface coating after removal I
from diffusion test cup. Diffusion result may not be representative.

IFI
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TABLE 37. DIFFUSION TEST FUEL StA1.LE1 ANALYSIS

COMPONENT WEIGHT PER CENT LOSSES OVER TEST DURATION

Test Fuel: TT-S-735 Type II

Diffus- Coated Test
ion Rate Fabric Dura-
fl.oz./ oz/sq. tion IsO- Ben- Tol-

p iWr-200 s Days Octane zene. uene Xylenls

R211,913 0.13 45.1 23 days 0 17.0 9.1 6.1

R211,914+ 0.11 38.9 23 3.8 18.9 13.3 11.1

R211,920 0.15 42.3 38 1.3 4O.O 21.2 8.9

R211,922 0.07 37.8 28 0 15. 7.1 12.2

R211,92.4 A60.09 56.5 38 o.6 19.3 12.4 5.8

R211,924 B.O.08 46.8 28 0 16.1 8.5 7.5

I
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TABLE 18. LOW T-.PEATURE FLEX1BILITY PM COATED ABRIC*-

R-Number 211, 913 914 917 920 922 924 '

Room Temp. G, psi 713 740 1027 1018 1275 593

7 days @ -40•F
TSR 2.9 2.5 3.0 2.0 2.3 2.2
G, psi 2100 1860 3040 2040 2910 1300

7 days at -70 0°,
TSR 9.7 9.3 6.4 4.5 6.6 19.8
G, psi 6900 6860 6570 4550 8440 11730

Fuel Diffusion
Rate Fl. oz/ft 2 -24 hrs. 0.13 0.1 0.23 015 0.073 0.08

Oz/ Yd '45.1 38.9 39.2 42.3 37.3 46.8

VULOANIZATE PROPERTIES:

Tensile Strength 1458 1482 1274 1189 1616 1464
Elongation 167 131 168 135 217 110O

FORMULATION I

PNF-200 100 100 66.6 100 100 100 1
FINF-LT ..... 33. - -.....

Burgess KE .. .. .. 15 -60

Nulok 321 SP 20 20 -- -- --

Min-U-Sil 20 30 -- --...

Tullanox 500 -- -- 15 15 --

Zeolex 23-AlIOO 10 10 10 5 5 10

Elastomag ].70 6 6 6 6 6 8

Stabilizer 2 2 2 2 2 2

Silane A174 2 2 2 2.5 2.5 --

Vulcup 40 KE 0.4 0.4 0.4 0.4 0.4 0.5

' *Low temperature flexibility measurements obtained by
P. Touchet, MERDO i
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TABI,_E RpN[F-200 PROCE.SSI•.GSTUDY-SILICONE ADDITIO1.
1r

R-Nu~nber 211- =.950. -2ý -95 -_.I --9- -9

PiTF-200 K19736 100 1(2 100 100 100 100
HIA-2 2 2 2 4. .h
Tullanox 500 20 10 10 20 10 10
Burgess KE - 10 10 - 10 10
Histron Vapor 5 10 - 5 10
14in-U- Sil 10 1 0 10 10 10
Zeolex 23 A1100
Elastomag 170
Silane A174 2 2 2.5 2. 5
Vulcup 4u0K? O. .4l

Cure 30 min. 340°F Post Cure 4 hours @ 350OF

Tensile Strength 1605 110) 1115 1054F 1104 1231
50% IModulus 226 ilj4 186 231 176 258
100% Iodulvs 558 578 636 591+ 595 820
200% Modulus- 1424 - - - - -

Elongation, % 222 153 155 151 157 145
Shore A 65 60 60 65 60 65

Mill Processability: Ability to release from mill roll as thin(.015") sheet.
Fair Good Good Poor Fair Fair

Di fusion Rate "Fuel $" 0.25 0.29
fl oz/sq ft. - 2/4• hrs.

Coated Fabric 45 50
weight oz/sq. yd.

-•I-
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/ 209. FR0CESSI. QtUDY-FLUQiWoyILICONH' ADDITIO'T, 5

R-Nuinber 211 -96=17 -5- M =60 =L

PNF-200 K19736 100 100 300 100 100 100
FSi',2620U 2 2 2 4 4 4
Tullarnox 500 20 3.0 10 20 10 10
Burgess KE - 10 10 - 10 10
fistron Vapor 100 - 5 10
14in-U-Sil 10 10 10 10 10 10
Zoole 23 A11O0 5 5
Llanltomrag 170 8 88 81
Si lane A174 2.2 2.5 2 .2 5 2.05
Vulcup 4+0KE 0:1 0J 0.:+ 0.:+ 0.

Cure 3Q Min. 3400F Post Cure 4+ hours @ 350"F

Tensile Strength 1314• 1173 1150 733 974 1155
50% Mocdulus 202 209' 265 21+2 173 262
100% Modulus 499 733 809 578 573 793
200% M1odulus 1195 - -
Elongation, % 221 142 134i 122 14 137
Shore A 60 60 60 60 50 60

Mill Processability: Ability to release from mill roll as thin !
(.015" sheet). Fair Good Good Fair Good Poor

Diffusion Rate "Fuel "
fl. oz/sq. ft. - 24 hrs. .20 .23

Coated Fab~ric, Weight
oz/sq. yd. 48 43

ii
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I

NI L -2 . P3F-;,,0 T A1,1,;fAL AGED)}1"iJ,• PROO-N.'IU.,NG STUDY

R.-NThmber: 211 9,8 969 970 971 972 9b

l1olymer DSV (dl/g) 2.14 2.05k 1.S6 2.57 2. 45 2.4
P -20O X19862 K19P,624* K19869A K) 9736 K197366M K197Z
.hiu.'l. oX 5.0(, 20~

11nf-1j-Bi 1 10
HA-2 2 .
Zoolex 23-AlkO0 5 ......
E]zw.itoina- 3.70 8
Siltae A174 2.5

Vulcr 40K. 0.j+
f -0. 65

Polymer Torque 580 600 600 750 750 600
Peak UTorque 3800 3550 4200 3500 3600 37°00

P1 ateau Toqute 1580 1500 1650 1646 1638 16001
Max. Temp. C 89 98 84 92 100
Integrated Torque 20,000 Meter gram minutes
Tensile Strength 1120 1276 1353 1255 1098 1253.
50rr Modulus 246 241 324 516 350 5872

100%O HoduL.n1s 522 536 636 616 661 72-51
20(y) Moduls -- 1185 .
Blougntion % 172 216 198 199 167 158f

Shore A 65 60 70 70 70 70

Diffusion Rate - Fuel
fl. Oz,/sq. ft.-24 0.28 0.27 0.33

Coated Fabric
Weight oz./sq, yd. 51 54 51;

"*'"AlV' indicates polymer aged 4 hi•s. in air Q. 300F.

I]
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WIiist 2 ' Y'NiV-.20O TIr r;i,1%%LLY__.1GJ.I) P0.LYN"hI~ RC I~uSTNCU cYj~

2-~h .n2A1,- 91F, 977/1 9? 8 979 980 981.

Tull-nox. 500 20
r'Iin-I-S-~i L 10
zero)lhx t25-A11CO 5 -..

Et~c~~~1.70

£f .65 I

1 tj-ý)Tewn:i--I-e 2't.r 14083 15G
50,,ýMd202 203 21 9 2UT

,1ooU~ ~ 555 71.1 50.6 i
200% Mod 140,j 1/420 3 1ý15(- -3
'EIon[:,nA-ioXI 210 21.7 1.69 2O0 3.34 1.95

Shoro A 60 60 60 65 65 6o0
Specifi~c Gr~ivvity 1.95 1.92 1.92 1.9c2 1. 96 1.92

"Ail"jI ind~icates polymer aged. 4 hrs. OF 300 F.
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R-Wimh er 21, 98 9 8 91

1~4rnur 11 92 9 ~ (394 9-85 96937

-2 Kc)7 A8~

TI .TI

50 GYI loko 221 ~ 6>7525
q ld3C r/j50 834

20C0/ -ilod .- 148.5
El OW ti2on ~o 197 1.91. 192 11 176 169

~hr A -Go 51,;G 65 65

n pci ravity19 1.9c2 1.92 1 94ý 1.88 1.9)0

*A41 ' indlchites pol,-Fmr. aged. 4 ht.C~300 F.
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PNiF 200. COJ'POUN DS

VESTA` COJiV.U.l-I.i'3 CATI NO. 4 1 .L 14-10/, 7
L 1.02t. 'll..11"1 .LIl\ILG 18~. TI.IJ. W.I-

6 IOU:~DI1K NO WATER

-UnAbgeci propertic--.

~Q1 2 ,+ '12*,'

500 or TtdIe
* (7i/~1~c511 : 107O

10 Mdlu. .7, 80 9t

-'ý .12 551

0 6-5
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Proc odure: Para L.6,.2.1.1,'and .2 of: i4II T-52573C ASTM' D_381

D,.,S I R, F,) RP-11938 R2 1199L/
VAJLTIJ 8 TEST FUWr, S

IUn-wasbxd Th-J-1;eflt ~u60 2 0 ý. 0 1.0

Ž1S/10Oin1, max.

1Iep~e i~ihd eir~tent2. 0) 0.

Stoved gum, residue 20 -- 0.6 -0 '

mjý,/.00m max
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T AB/LI;3_0. rF1IJ-, DUFFU8:ION ,..3,S OF COATED FABRICS WITH VARTOTTS
]• ,Al ,.t1 SU.2FAC.t1' '"L'RET'jiI'~ T K 'I

FueJ.E Coated ,Thickness
Diffusion Fabric Mils Rein-.s

Stock Rate Weirht __ ' .. ....

fl./oz/sq. ft.- oz/yd2

24 hrs.
211992 0.052 60.9 45 Thixon A/B

2]11992 0,.10 58.0 45 Chor-:ok AP154

21'..992 0.10 5.D - 1", 115 them] ok 607

2.1992 0.09,6 0 0.6 45 F]w:vc] J•5130

j
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,-, FILLIRG XFACTOR C",K

.- •:i•,' r'.>O 173• X19861 K19862 K19736 K176"

'a 1. &- 0ox 500 15
Zeolex 23 A10 50
Blastomag 170 6_... -..Sxt abi.]ize.r 2

Hila-e A.7'4 245

Vulmcn) 4KEM O,,.

filling factorfV0. 0.6 0.6 10.

fC81 ' 75 0c 9? 90

G.ýape 30 "in at 150°C
-•-I 4 houi's at

19B5 1951

26,,14 34•'1.3, > 5 4. 1,71

-"14 i410 1640 13c92

R73 253 246 226 246

s•o-a A 5b 50 55 55 55 .-ohu,.o -. ,-.1ra .; .91 99 1.9 1,,

R21iid4 R2119C5 R211.46
Tensile Strength 1797 1?2 1813.
50,y Modullus 221 i. 3.4P

j~'jo iu&i ~6 114 3?5
200% Codulus -- 1128 1109

Elongation 9o 189 257 272
Shore A 55 55 55
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P,-IA 4.. ADH1ESIVE~ FEIJ STREN~GTH 1STESY i O l-(- OTDFBI

2x2 MONi BA-KI3 WEAVEF
Coated Fabric 180n

. Thabric Surf ape Treatmont Thickness Feel Strerw t;h

2', 1981 Thixon A/B No post cure 68 988-S-A 7. 3
988-S-B 6.5
TS-88A 9.5
TS-88B 8.8

211.992 Thi-xon A/B 68 TS-92A 4.4+
TS-92B 4.2

_.. i.L ...on1 d/, ]. 0 1 d -i..I i(.,!) CX.-. ..A- L
TX-IB 2 ,

Thixon A/B 1:10 dilution 55 TX-2A 4.7
TX-2B 5- ]

21.1992 Chemlok AP133 65 011135-1 5.2
Chemlok AP135 1:1 methanol

dilution 011133-2 3. c

Chemlok AP133 2 hr. air dry 2.5

Thixon A/B + FTF-200 67
]650C 30 umin. 7.8
Nylon C(O, backinG O
4 hr. post cure 350°F 68 TX-10 5-.5

7-56-

* ~fj



1800
~3 u~ T~h-t cIknosn, Brev~ting Pooleark a~ cSra~

M2, s St1em-,th Strength - - r ftf

G / 70 lbs/in 6.3 p pi TX5A, Th 3Xf 0 min IIG
5.95 rs or

7? 2.4 5 )A TI, 0inh)

71 40,) 4.5 TG

10 80r 5 75 T,-"<A m30 mia 150~OI
8ih 505 Tj 7]3 [

5~ .iK I . ~ n i .8 .~:'m . II ....



P-J.90oo 219606 I--

Kl-9736 ý67.2 -f

rV~O( 19862 32.8 100

20 20

c'x± ; I~&~)ball railled to I

t7
Ru iiý



2' J~b *7. 1MBUtRY "B11W HMTE Or, PN'.-.2O0

TU~rnev219601. 219(G02 219607 219608 21960c

1'Mi-200 1(19736 K19862 1(19861 K19861- 1508-49

Burgess K ~ 55 55 60 60
Tnidanox 500 -- -- 15-- --

Zeolex 23-All00 8 8510 10
Elastomaig 170 8 86 a 8ý
s3il'ano AlloC) 1 1 1.5 1.5 1.5
Sta19uO@-i 8n8-:7- -

~?96b - -4 4 14.
Vuilcup 40RE' 0.4 0.4 0. I 0.'5 0.

No. of~ fi4-ches 2 45 3
1oticlia6 factor f= 12.59 12.59 16 - 8 11 -96 11 - 6

fiuri n- I-V i~x
B i c Ie ,ComnbineO,

Label cd 2 .(?6019.0 '
flonswu!:o 0 2?li- cmet(±r D)ata T=340 )" 1IAM 100 RVI-7 Mini dio'L

Sekorch PJT'io 4.2 I '? 3.7 35.5
Opt c:,,ro T'k(90) 17.5 1'4.0 20.0 20.0

Taorquo -it Wio' curce1 10.5 17.0 17.2
Plax 'Por-o&mn 16.3 10.9 17.7 18.0
Cu.r'o lzate~ Index 7 510.8 6.1 6.1
Cure IA0 min at 3100 !ilrs at 350OFf

TLOSt rengb 3.92 1ý562 1.303 1.309
50,,, Mod~ulus 241 71 286 ")92
1(X)vb Modulus 89 211 872 91-7
2WO-$ Modulus - 797 --

Elongatiorý. 157 294 158 140
S3hore A 60 45 65 65
Specific Gravity 2.1 1.9 2.1 2.1

-59-



TAR 0OuNlad'SN0OF PHYSI1CAL PROPERTIES Or,? VULCANIZAT.C3 W.TPi
Yi~.F:UD PO.L iThR 1508-28

in Q1508-28 1508-28 1508-28 X1973C

Y~reii B0 60 60'- 60
'7' n

iE stornag 170 8 8 8&
Stb lizer --

R~211855., 4

Nulcup 0i~ B'0,0,

'50%/ 1'~ -7 o6 t 425 ~ 54,: 4-67
100% '.3,3:16 1141. 26210ce/ lic'c. -. - -* -

1,El gtLn , L9)i21.?110

Srt .6 .65 65
specific, Gr~t ,y 21. 1,
D -'i ff .on Ra t; fuel (Xi. A.- 0.052 0. 8'* ,Q..09
(o a te d F aObVIC,

Wit'78.5 '"0 60 78* 56.5

A`4 wt, . K198( I. ., po1ytlý;er soluiAAc'rn (mettianol),
£ilrecoaptilated 1'.nW'At vr , 6nzl -ac'mura dried. (1508-8)

U9~861 _____8

2~s ./g 3. 2.3 .

NA'(t% 0.014 0
Cl (wt. ~ 0.022

~Vulvx6ian te wt ?y-d2



3~~~~~4.~.. ... .....SN O ~ T A L2 iT~ I.K~82

Stock 219008. 219C609.

TetiE~S nh 150' 1509

16O% io',iu28 292,

Elo'nigo at cek5840
SreA. 6r .65

Day T'. .I

lho: - '.1 . 60 ( 7 2 ) "

j)'1 ec s at, 160 k

Tens~iic fatrnt 210 (-26 ~)232 (.-20.5%)

1O~ 'i"'uis807 -.7. -~ 88ý (-3. 5%)
~1n~atol t rek135 14, 60') 152 (-2.8%)

6horve A60(-7.Y60(77)

-61-
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TA1TI OLE B R.ElAIlN G Z^T R FN i~ T Q1 F. WAQ:ETR AGED C-OATC.L F.A.%UIC'--

.7 "Jba'zs at V,50 F in lY I t;
Stock 'Sur'L.fc, .II ThicLkn6ss 'ozF,/s~q, yd Be-cn

T~ I 41-,~ow N~ils ,~ren-th

~~k9F3o T~itn5&~3 It 64' . L4

j ~LV&i5150' 5 5757

.- . ..:'~.I45 55 7 '.

' 2196-013 Thixon 4 '5 5R28B

Fluorl, 62

F 11oe 6,6

-63-



PkTAL1E 4,2-. PwYSTfOAL PRONERTIES OF -WRAYP CUREDCAIJM1ER)!I)SD i

C~alendol(,r,,!d'Tlhickriiýso: 0.055-0.055" .

Calerndo~rd Width: 10",
CUI:ýd; .30 Min- a t 3 5)0F
Wrapped around alumin-um tue itrevd,05 te.sImi
Check of ýstress-strain orcpýrtio.s- along .,trip -every six. inches.2
Post Cvt.ýA: Un'w~ra)Pped` 4 lhoxs-3500. oven

50%,~l lNodul. us 389 79Lit~. 0
1OC`I'A111 1.c 1 ilS 1132 P 711C 2.6i

at Br.,,'Ak 109 114 J.r 15210

'Sho:;ýo A 6V F) 60 60

Pi. es s "ured, 30 miii. Et 350Ne 4 houx's at 3 500  I

Te nsitIe S) t r. 1

100,0 K'odulb~s 13.5I K

oh .,-, 65

iiA
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TABLE . . SE.A ADHESION P.l. STRENGTH

Press Cured Adhesion Pads

Initial Fabric - To
Thixon Treated Fabric Strength Rubber Strength
21.1988 - 1 8.2 ppi

2 9.0
3 8.5
4 8.7
5 8.6
6 7.8
" 7 8.2

Thixon Treated Fabric:
Press Cred Adhesion Pads
211988 - 2-1 -- 2.7 ppi

2-2 -- 6.0

Thixon/Fluovel 5150 Treated Fabric:
2±9601 - 1 7.7 ppi 6.0 seam failu,:ie

2 8.8 6.2 L.
3 9.3 6.2

Wrap Cured Seam - FV lorel TrýatedThixon/Fluorel Treated Fabric

219601 - 1 9.6 ppi
2 9.2
3 8.8
4 9.2

Pres6 Cured Seam
Calenden Fabri.c Treated with 5% 21.9607 in MIBX
Seam Treatment: Chmdlok 607 Spray
219608 - 1 10.8t 6.0 ppi

2 1O0.4 6.0
3 8.0 5.0

Semn Treatmentn: Acetone Wipe
219608 - 1 12, ppi 3.0

2 12 5.0
3 1.2 5.0

-65-
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